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RESULTS AND DISCUSSION

Figure 1 (a) shows 10 cantilevers array that are spaced by 
200 µm for parallel operation. The SEM images of a 
fabricated cantilever actuators and tip are shown in Figure 
1 (b). Figure 1 (c) and (d) show an integrated tip before 

and after PZT process integration, respectively.  We
found that the tips were not attacked during PZT/Pt dry 
etching process by plasma. All samples have a reference 
resistor on the substrate to reduce background noise.
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Figure 1. SEM image of the PZT cantilever. (a) An array 
of Self-actuating PZT cantilevers with integrated
piezoresistor. (b) image of single cantilever (c) tip image 
before PZT process (d) afterPZT process.
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Figure 2. Tip displacements of the fabricated self-

actuating PZT cantilever

As shown in Figure 2, the actuator provides high tip 
displacement of about 0.55µm per unit applied voltage 

but it shows a little hysteresis and non-linear behavior for 
large displacement. The actuator was well operated
without breakdown at 20V, The operational range of the 
actuator is thought to be over 10µm. This operational 

range is much higher than that of the conventional atomic 
force microscopy. The measured resonant frequency is 73 
kHz that is 100 times higher than conventional piezotube 
scanner.

To verify major parameters that are induced actuator-
sensor electrical coupling at high frequency, electrical 
analysis is accomplished using the simple equivalent 

circuit shown in Figure 3.
The simple equivalent circuit does not include mechanical 
parameters that explain piezoresistive effect and
piezoelectric effect. It can show only the actuator-sensor

electrical coupling signal.
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Figure 3. (a) Schematic drawing of the Self-actuating
cantilever with an integrated piezoresistor. (b) B-B’  cross 
section of cantilever and its equivalent circuit (c) A-A’

cross section of cantilever and its equivalent circuit.

 Cpzt and Cov are PZT capacitor and overlap capacitor 
between the PZT bottom electrode and boron high doping 

region in the PZT actuator region. Cox is capacitor
between the PZT bottom electrode and n-type body 
silicon and Cj is junction capacitor between n-type body 

region and boron high doping region. These capacitors 
model is similar with p-type MOS transistor PSPICE
model and Cox,  Cov and Cj can be substituted for MOS 
transistor model in which related PSPICE parameters are 

Tox(oxide thickness), CGSO (gate-source overlap
capacitance), CGDO (gate-drain overlap capacitance),
CJ(Junction capacitance) and RB(Bulk resistance). Rpt , 
Ppiezo and Rp+ are resistor of PZT bottom electrode, the 
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piezoresistor and  resistor of boron high doping region 
respectively.
To explore these parasitic parameter trends, the

relationship between the coupling voltage and parasitic 
parameters were analyzed by utilizing PSPICE simulator. 
The actual component values for the simple equivalent 
circuit made from discrete components are listed in Table 

I.

Table 1. Component values for the simple equivalent 
cantilever with actuator and sensor model built from 

discrete components.
Component Component parameter value

Rp+ Resistance of p+ region 3kΩ
Cpzt Capacitance of PZT 1.5nF
Tox Oxide thickness 240nm

CGSO, CGDO Overlap capacitance 1nF/m
CJ Junction capacitance 50uF/m2

CJSW Side junction capacitance 50pF/m
Rpt Resistance of PZT bottom 

electrode
300Ω

Figure 4 shows the piezoresistor voltage induced from 

PZT actuator at 30kHz PZT drive frequency as function 
of parasitic parameter. The resistance of PZT bottom
electrode is major factor to decrease the coupling signal
which is same result with ref. [5]. 
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Figure 4. PSPICE simulation results of piezoresistor
voltage as induced form PZT drive for self-actuating
cantilever as functions of parasitic parameter of
cantilever at 30kHz PZT drive frequency

 The second major factor is the resistance of boron high 
doping region, Rp+, this effect is dominant at high
frequency region. As decreasing the resistance of Rp+,  the 

coupling voltage is fast decreased at high frequency 
region. But as decreasing the p-n junction capacitance(Cj)
or overlap capacitance(Cov), the coupling voltage is

slowly decreased.

For experimentally investigating the effect of parasitic
parameter on electrical coupling, three types of
cantilevers are fabricated. PZT actuator was designed not 

to overlap with piezoresistor for decreasing overlap
capacitance (Cov) (sample #2) in comparison with the
previous structure (sample #1) shown in Figure 5.
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Figure 5. Photo images of three type cantilevers for 

investigating the effect of parasitic parameters on
coupling voltage between PZT dirve and piezoresistor. 
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Figure 6. Electrical coupling voltage between the
piezoresistor sensor and PZT actuator as function of PZT 
drive frequency for sample #1, #2 and #3. 

Figure 6 shows the electrical coupling voltage between 
the piezoresistor sensor and PZT actuator as function of 

PZT drive frequency. The measured coupling voltage of 
sample #2 is a little smaller than those of PZT cantilever 
with the previous structure (sample #2). This is because, 
although the cantilever of sample #2 has smaller overlap 

capacitance than that of sample #1, the sample #2 has 
similar junction capacitance with the sample #1. 
These simulation and experimental results say that the 
junction capacitance as well as overlap capacitance is one 
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